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The Foot-Gotten Variable – Modified Assessment for Measuring the Rotational Profile
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Abstract
The assessment of the rotational profile in the lower limb involves the evaluation of both the tibia and femur. Common meth-
ods for assessing tibial torsion include the Transmalleolar Axis (TMA) and Thigh Foot Angle (TFA). While TMA and TFA 
are highly reliable, their validity is limited, often overlooking a crucial variable – the foot. External rotated TFA is typically 
linked to a pronated foot, while a supinated foot is associated with internal rotated TFA. This association arises from foot 
alignment, rendering the measurement not truly reflective of tibial torsion. We propose measuring tibial torsion in subtalar 
neutral and in a simulated weight-bearing position to address the impact of foot alignment on TFA measurement. Conclusion 
- This innovative approach to TFA measurement has the potential to enhance diagnostic accuracy in clinical settings, thereby 
improving clinical decision making regarding treatment choices. Short Title. Modified Assessment for Foot Thigh Angle 
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Clinical Medicine

Introduction

Deviation in the rotational profile can indicate sig-
nificant alignment deformities, potentially contrib-
uting to various musculoskeletal issues, including 
knee pain (1, 2, 3, 4) and abnormal rotational 
movement and alignment (5, 6, 7). A reliable phys-
ical examination of the rotational profile is invalu-
able for precisely identifying the origin of these 
abnormalities, enabling the formulation of tailored 
treatment strategies (8, 9, 10). The measurement 
of the rotational profile serves as a crucial diagnos-
tic tool, particularly in individuals with cerebral 
palsy (CP) and children displaying excessive inter-
nal or external foot progression angles (FPA) (9, 
10, 11). This profile comprises two integral com-
ponents: the femur and tibia (9, 10, 12). A metic-
ulous assessment of the rotational profile not only 
enhances our comprehension of deformities’ origins 

but also facilitates the prescription of appropriate 
treatments, ensuring optimal care for the patient. 

This short communication aims to conduct a 
literature review on current methods for measuring 
tibial torsion while introducing a novel approach 
to assess thigh foot angle. The proposed method 
holds the potential to enhance diagnostic accu-
racy in clinical settings, thereby contributing to 
improved clinical decision-making regarding treat-
ment choices. Moreover, this innovative approach 
will also evaluate the influence of foot alignment on 
the foot progression angle.

Measuring Femoral and Tibial Torsion

Femoral torsion is measured with Craig’s test (also 
known as Ryder’s test). The patient is positioned 
prone, with the knee flexed to 90°. The greater 
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trochanter is palpated as the hip is rotated exter-
nally until it reaches its maximum prominence 
(13). Another method for assessing femoral tor-
sion is by finding the difference between internal 
and external hip rotation in prone. When internal/
external rotation is significantly different, femoral 
anteversion or retroversion is suspected (14). Tibial 
torsion is measured by the TMA. The patient lies 
prone, with the knee flexed to 90° while the exam-
iner sites both malleoli and measures the angle cre-
ated between the line bisecting the malleoli and the 
line down the midline of the femur (15).  

Originally described by Engel and Staheli (8), 
the TFA is more commonly used: the patient lies 
prone, knees flexed to 90°, while positioning the 
feet in neutral position. However, with time and 
modifications, the description focused on posi-
tioning the ankle in neutral dorsiflexion (16). The 
examiner measures the angle between the longi-
tudinal axis of the thigh and the foot. Engel and 
Staheli stated that it was measured to “roughly 
asses the rotational components of the tibia and the 
hindfoot” (8).

Reliability and Validity

Many studies found that TMA and TFA have 
good to high reliability(16, 17, 9, 18, 19). Despite 
these findings, one study (20) described an inter-
observer variability of approximately 25% chance 
difference in TFA.  However, both TMA and TFA 
retain low to moderate validity when compared to 
CT (9, 21, 18, 19) or ultrasound (17). The most 
important part of the measurement is to find the 
accurate source of the rotation. The low validity for 
TFA may be due to an additional variable contrib-
uting to the rotational profile – the foot.

Foot Alignment

The relatively low validity of the TFA may be due 
to the subtalar joint (STJ), which is responsible for 
inversion and eversion movements. The subtalar 
joint’s position depends on whether the foot is in 
loaded (weight bearing) or unloaded (non-weight 

bearing) position (22). Furthermore, due to the 
STJ’s structure, closed kinetic chain (CKC) will 
provide a greater eversion measurement than open 
kinetic chain.

Subtalar hyper-pronation increases external 
FPA (23), and hyper-supination leads to excessive 
internal FPA.  Consequently, the position of the 
STJ significantly alters the relationship between 
the foot and the thigh. External TFA manifests in 
a pronated foot while internal TFA is observed in a 
supinated foot. These deviations may therefore be a 
result of the foot alignment, and do not reflect tib-
ial torsion accurately.

The forefoot’s structure also plays a role in TFA 
measurements, and necessitates consideration: 
Significant forefoot adduction will present with a 
lesser degree of external TFA – therefore, the heel 
bisector line is used to evaluate for forefoot adduc-
tion or abduction. It is assessed with the patient in 
a prone position, and knees flexed to 90 degrees. 
An imaginary straight line from the heel to the 
forefoot typically bisects the second toe. Forefoot 
adduction is classified mild if the line falls on the 
third toe, moderate - between the third and fourth 
toes, and severe - between the fourth and fifth toes.

Redefining Thigh Foot Angle Measurement

We advocate for the measurement  of TFA with 
the patient lies prone and both knees flexed to 
45-90°; assessing the angle as the relationship 
between the foot axis and the thigh, aligning 
with previous recommendations (16, 8, 17, 9, 21, 
18, 20, 19). However, we propose an innovative 
method of TFA measurement involving two dis-
tinct states:

Subtalar Joint in a Neutral Position (STN)

When measuring TFA, the examiner ensures the 
subtalar joint is in a neutral position through pal-
pation. This neutral state eliminates the influence 
of foot alignment, providing a potentially more 
accurate assessment of tibial rotation.



Subtalar Joint Simulating a Loaded or Weight-
Bearing Position

In this scenario, the examiner imparts force to the 
forefoot, allowing the foot either pronate or supi-
nate based on the subtalar joint axial alignment 
and muscle imbalance. This assessment evaluates 
the foot’s impact on the rotational profile. Notably, 
a prominently pronated foot in a loaded position 
can lead to a significantly increased external TFA. 
Significant differences between measurements in 
STN and the loaded position indicate a notable 
foot component. In such instances, correction for 
foot alignment becomes crucial. 

Illustrative Case 

Fig. 1a demonstrates a child with CP spastic diple-
gia, measuring tibial torsion using TFA while the 
foot is in a simulated weight-bearing position. 
External rotation of approximately 45° is measured. 
This may lead to the conclusion that tibial torsion 
is the source of the rotational deformity (Fig. 1a). 
However, measuring TFA in STN in Fig. 1b reveals 
a much lesser degree of external rotation (0°) (Fig. 
1b). This emphasizes the role of the foot in the 
external rotation profile and one can assume that in 
weight-bearing (Fig. 2), the source of the rotation 
is within the foot. 
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Fig. 1a. Foot thigh angle measured in simulated 
weight-bearing position, approximately 45 degrees 
external rotation.

Fig. 1b. Foot thigh angle measured in subtalar neutral po-
sition. Approximately 0 degrees external rotation.
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Discussion

TMA and TFA represent two clinical methods for 
evaluating tibial torsion. TFA is the more com-
monly employed method. This article emphasizes 
the significance of considering the subtalar joint 
during TFA measurements. Numerous studies have 
highlighted the impact of foot position on TFA 
(23, 17, 9, 18, 15, 24, 25), prompting the sugges-
tion to term it the “Foot-Gotten Variable.” King 
and Staheli expressed a preference for TFA over 
TMA “when the foot is otherwise normal” (15). 
Staheli, Corbett, et al. advocated for obtaining both 
TFA and TMA in cases of “more complex torsional 
deformities”, especially those involving the foot, to 
facilitate a comparative analysis (22).

Stuberg, Temme, et al. defined TFA as a mea-
surement encompassing both tibial torsion and 
“alignment distal to the talocrural joint” (19). 
Hudson emphasized the influence of “foot defor-
mity, ankle instability, and knee instability” on 
TFA (17). Conversely, Kim, Lee, et al. identified 

limitations in TFA validity compared to CT, par-
ticularly for “children with a deformed foot” (9). 
Kim, Cha et al. questioned the external validity of 
TFA findings by CT, asserting that such torsion 
measurements lack consideration of critical factors 
like “foot deformities” for surgical decision-mak-
ing (21). Tamari and Tinley critiqued TFA as an 
inferior method due to its inclusion of “ankle and 
subtalar joint motions” in the outcome, challeng-
ing its suitability for measuring tibial torsion (25). 
A study involving 261 children with CP and out-
toeing gait identified pes valgus as the most com-
mon cause of out-toeing (22). This emphasizes the 
need to consider foot dynamics in assessing rota-
tional deformities.

Despite the mounting evidence against TFA 
(23, 9, 21, 18, 11), it persists as a common tool 
in clinical settings for assessing tibial torsion, inad-
vertently relegating the foot to a forgotten vari-
able in the equation. A novel approach to TFA 
measurement involves assessing it in two different 
states: with the subtalar joint in a neutral position 

Fig. 2. External foot progression during walking – the left foot is in external foot progression throughout the stance phase , 
due to foot hyperpronation rather than external tibial torsion (left in red, right in green, norm in grey).



and with the subtalar joint simulating a loaded or 
weight-bearing position. This innovative method 
may lead to more accurate diagnoses in the clinical 
setting, thereby enhancing clinical decision-mak-
ing regarding treatment choices. Further research 
is necessary to investigate the correlation between 
rotational profile, foot rotation angle during gait, 
and TFA (both in STN and in a simulated weight-
bearing position), among children presenting with 
rotational abnormalities. In particular, a random-
ized controlled trial comparing the efficacy of our 
novel assessment method to the traditional assess-
ment method for measuring the rotational profile 
will enhance clinicians’ utilization of evidence-
based practice.
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